Anaugmented van der Waals equation of state developed in a previous study was applied to the calculation of high-pressure vapor-liquid equilibria of non-polar asymmetricmixtures. The equation of state for a non-polar substance comprised three terms, each of which was classified into repulsion, symmetric interaction and non-polar asymmetric interaction. Twotypes of mixing models based on the one-fluid model, that is, the van der Waals onefluid model and a semiempirical mixing model of Kreglewski and Kay, were tested for both repulsion and symmetric interaction terms, while two types of semiempirical mixing models based on the one-fluid model and on the threefluid model were developed for the non-polar asymmetric interaction term. This method, which applied a separate mixing model to each interaction term, provided good correlation results for the high-pressure vapor-liquid equilibria of non-polar asymmetric mixtures.
Introduction
Because of the increasing importance of the processing of tar sands, oil shale and coal, greater need has arisen for phase equilibrium data for mixtures quite different from those of petroleum systems. These mixtures are characterized by their asymmetric nature, that is, they contain light gases (e.g. hydrogen, methane), heavy hydrocarbons (e.g. aromatics, naphthenes, high-boiling paraffins) and polar substances (e.g. water, ammonia).
The vapor-liquid equilibria of asymmetric mixtures are often not well correlated by conventional methods because these methodsare usually applied to mixtures of molecules whose differences in size and polarity are not great. For an asymmetric mixture, the mixing model may have a significant effect on vapor-liquid equilibrium predictions. However, such an effect has not been studied extensively. The objective of this study is to develop a suitable mixing model for an equation of state proposed in a previous study7) and to calculate the high-pressure vapor-liquid equilibria of non-polar asymmetric mixtures.
Equation of State for Pure Substances
In a previous study,7) we proposed an augmented van Anequation of state for a substance whichobeys the simple corresponding state principle is described by the first two terms of Eq. (1) if the asphericity parameter a is set to be unity. Therefore, a mixing model derived from the one-fluid model is considered to be most appropriate to these terms.
The one-fluid model is based on the assumption that a mixture can be represented by a hypothetical pure substance, whose intermolecular potential is given as an appropriate average of each pair interaction in the mixture. Several expressions for the probability of contact between specified molecules in a mixture have been proposed in the literature, for example a mole fraction, a surface fraction and a site fraction. In this study, the following two kinds ofonefluid models are tested. where cpt is the surface fraction defined as:
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In both cases a) and b), <xMis expressed semiempirically by the following quadratic sums of <xy. The unlike-pair interaction parameters are given by the following equations.
where ktj in Eq. (10) is the binary interaction parameter, C16 and C17 in Eq. (12) are the universal constants determined in the previous study, and Tfj is the reduced temperature defined as: in teraction The non-polar asymmetric interaction term represents the contribution of the deviation from the simple corresponding state principle due to the asphericity of a molecule. In the previous study,7) the acentric factor was chosen as the perturbation parameter to express the degree of the contribution from the non-polar asymmetric interaction. The functional form of z ( non-polar asymmetric in teraction was determined semiempirically with use of the P-V-T data for ethane and «-hexane.
In this study, the following two types of mixing models are tested with 
Comparison between Calculated Results and Experimental Data
To investigate the effects of the mixing model on the vapor-liquid equilibrium predictions of the nonpolar asymmetric mixtures, four sets of mixing models are tested with the methane-1-methylnaphthalene system at 624.45K and the hydrogen-1-methylnaphthalene system at 621.75K. These sets of mixing models are listed in Table 1 As can be seen from these figures, the effect of the mixing model on the vapor-liquid equilibrium prediction of the non-polar asymmetric mixture is great. (4), (5) and (9) Semiempirical mixingmodel of Kreglewskiand Kay Eqs. (6), (7) and (9) van der Waals one-fluid model Eqs. (4), (5) and (9) Semiempirical mixingmodel of
Kreglewski and Kay
Eqs. (6), (7) and (9) Three-fluid model Eq.(15)Three-fluid model Eq. (15) One-fluid model Eqs. (16) and (17) One-fluid model Eqs. (16) This situation is emphasized by the results of the hydrogen-1 -methylnaphthalene system. In all models, k12 can be adapted so as to correlate the experimental data more precisely. In this study, the temperature dependence of the 
